I -INTRODUCTION
This paper concerns about synthesis of cristalline alumina films on aluminum by the method of anodic oxidation of aluminum for the purpose of preparing new type of ceramic films. It have been found that gamma and alpha alumina films on aluminum prepared anodization by Tajima, S. et al.l) and Lautenchlager, W. et al.2) . Present authors found'a two-step anodic oxidation method to obtain eta and alpha alumina films, with metal incorporated, by means of the anodic oxidation of aluminum with sparking discharge under high voltage. These crystalline alumina films on aluminum are new type ceramic films and expected to have excellent physical properties compared with usual amorphous alumina films by anodization.
II -EXPERIMENTAL METHODS
Aluminum plate (0.5 mm thick) of 99.99% and 99.85% purity and aluminum foil (0.1 mm thick) of 99.99% purity were used. These specimens were degreased by the usual method using aq. solutions of sodium hydroxide and then rinsed with distilled water. Conditions of anodization: (A) Amorphous alumina film on aluminum was prepared by anodic oxidation of aluminum in 15% sulfuric acid at 25 °C with current density of 1.0-2.0 A/dm 2 d.c. for 17-34 min. (B) Crystalline alumina film (type eta) on aluminum was prepared by anodic oxidation with sparking discharge, that is, the film was prepared in 2M aq. solution of sodium carbonate with 10-20 A/dm 2 d.c. at 30-80°C for 3-5 min. (C) Crystalline alumina film (type alpha) on aluminum was prepared by anodic oxidation with sparking discharge in molten sodium bisulfate-ammonium bisulfate mixture (mol ratio: 1:1.15) with current density of 10 A/dm 2 d.c. for 10 min. Electrolytic coloring process:
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1986127 Aluminum plate was anodized i n the electrolyte, with metal s a l t s added, under the conditions (B) of (C). Coloring by dipping process: Amorphous alumina film on aluminum was dipped i n aq. solution of metal s a l t s . The film was reanodized under the conditions (A) o r (B).
I11 -RESULTS AND DISCUSSION
111-1 Observation of the film surfaces Electron micrographs of four kinds of alumina films are shown i n Photo. 1. Photo. l-a shows the transmission electron micrograph of amorphous alumina film prepared by anodic oxidation of aluminum under the condition (A). Photo. l-b shows the scanning electron micrograph of the crystalline alumina film (type eta) by anodic oxidation of aluminum under the condition (B), Photo. l -c shows the film prepared by reanodization of amorphous alumina film under the condition (B) . photo .l-d shows scanning electron micrograph of the crystalline alunina film (type alpha) prepared by reanodization of amorphous alumina film under the condition (C). The amorphous alumina film has many pores of almost same s i z e , while shape of the pores of the crystalline alumina film are not uniform. Appearance of the crystalline alumina film (type e t a and alpha) is different from that of the amorphous alumina film. From these photographs, it is seen that the effects of different anodizing conditions appeared clearly on the film surfaces. 6 ) photo. III -2 Crystal structure of the alumina films Four kinds of the alumina films were peeled off from alminum substrate, washed, dried and powdered. Fig.1 shows X-ray diffraction Datterns of four kin+ of lumina. Fig. l-a and l-b respectively show amorphous almina prepared l n sulfurlc acld under the condition (A) and crystalline alumina (type eta) prepared in sodium carbona t e solution under the condition (B) . Fig. l-c shows crystalline almina prepared by reanodization of amorphous alumina film under the condition (B). This alumjna was mainly composed of mixure e t a alumina with traces of alpha alumina. Fig. l-d shows crystalline alumina prepared i n bisulfate by reanodization of amorphous alumina film under the condition (C). This alumina is mainly camposed of alpha aluinina with traces of eta alumina. These crystalline aluminas seen to be formed by local heating caused by the breakdown anodic oxidation acccsupanying the sparking discharge on the anodic surf aces, under high e l e c t r i c voltage. 3) 4) 5) . b: e t a alumina prepared by condition (B) .
c: e t a alumina prepared by reanodization of arhorphous alumina film, condition (A)+(B). d: alpha alumina prepared by reanodization of amorphous alumina film, condition (A)* (C).
111-3 Colored eta a l m i n a by e l e c t r o l y t i c coloring process
For incorporating chromium or f e r r i c ions i n t o the e t a a l m i n a films, the following e l e c t r o l y t i c coloring process, under high v03 tase with sparking discharge, was carried out. Aluminum was anodized i n 2M sodium carbonate, added with as. solution of ammonium chromate o r f e r r i c ammonium oxalate. Eta alumina film prepared i n an electrol y t e containing chromate o r f e r r i c ion was colored sepia or gray respectively. Color of the film prepared i n the electrolytz containing only sodium carbonate is s i l v e r or white, while the color depends on the added metal s a l t s i n the electrolyte. Table 1 shows the favorable conditions. These r e s u l t s show t h a t colored e t a a l m i n a film can be prepared by e l e c t r o l y t i c coloring process under high voltage with sparking descharge. 6 ) Table 2 shows color and fluorescence of alpha aluminafilms, with metal ions incorporated,obtained by two-step anodic oxidation process. Metal ions were absorbed i n t o the pores of the amorphous alumina films by single or alternative dipping method.
As shown i n the table, alpha alumina films with chromium ions incorporated have ISI-6 RUBY FILM Alpha alumina film, with chromium ion incorporated, was peeled off form the aluminurn substrate, and optical properties of the film stu.died. Since the film shows absorption peaks a t 410 and 560 Nn similar t o the peaks of a synthetic ruby prepared by Verneuil method (Fig. 2) , hereafter we c a l l t h i s film as "RUBU FILM". 5 ) The fluorescence of the ruby film and the synthetic ruby have the same veak wavelength (Fig. 3) under the excitation of l i g h t of 410 nm. C o l o r a t i o n o f t h e r u b y f i l m seems t o b e c a u s e d by t r i v a l e n t chromium i o n s r e p l a c i n g t r i v a l e n t aluminum i o n s i n t h e a l p h a a l u m i n a s t r u c t u r e . 
n t p h y s i c a l p r o p e r t i e s . O p t i c a l p r o p e r t i e s o f t h e s e f i l m s , w i t h chromium i o n s i n c o r p o r a t e d a r e v e r y s i m i l a r t o t h o s e of t h e s y n t h e t i c ruby prepared by Verneuil method.

